Three new oxo-centered trinuclear complexes, one of them a mixed--valence complex [Mn 3 O(C 7 H 4 O 2 Cl) 6 (Py) 3 ]Py (1) and the others, mixed-metal complexes of [Fe 2 MnO(C 7 H 4 O 2 Cl) 6 (Py) 3 ]NO 3 (2) and [Fe 2 CoO(C 7 H 4 O 2 Cl) 6 (Py) 3 ]
INTRODUCTION
Trinuclear, oxo-centered, carboxylate complexes of transition metals of general composition [M 3 O(O 2 CR) 6 L 3 ] n+ and [M(III) 2 M(II)O(O 2 CR) 6 L 3 ] ( Fig. 1 ) have been of interest for several years. 1, 2 Compounds containing metal-oxo-carboxylate fragments exhibit a wide range of structural features and diverse chemical reactions. They have attracted attention as versatile intermediates as precursors to larger assemblies. 3, 4 Interest in these compounds arose for several reasons. Firstly, they form a rare class of compounds, which serve as important models to test theories of magnetic coupling between metal ions in multinuclear systems; likewise the structural variations shown by these metallic clusters have yielded important information on the parameters which govern stability within metal-ligand aggregates. Secondly, the polynuclear structure leads to the formation of mixed-valence and mixed-metal derivative, which give opportunities to study the electronic and magnetic interactions between homo-and heterometal centers in close proximity in a defined geometry. There is also the possibility of generating spin-frustrated species. Thirdly, several of these complexes are active as homogeneous catalysts for a variety of oxidation reactions. 5, 6 In view of this, the spectroscopic, magnetic and redox properties of these complexes have been extensively studied. 7 Surprisingly, little attention has been paid to the consideration of substitution properties, with only a few reports of comparative studies regarding the redox properties when the terminal ligand L changes. There is interest in establishing how substitution in the carboxylate bridge affects the lability of the terminal ligand and the redox potential of the metal centers. These carboxylate complexes are of additional interest when the carboxylate is unsaturated, because there is a potential scope for further polymerization in the solid state by cross-linking of the substituents. 8, 9 In this paper, the syntheses and characterization of heterometallic clusters in solution phase are reported.
EXPERIMENTAL
The C, H and N analyses were realized on a Thermo Finnigan Flash model EA1112 elemental analyzer at the Faculty of Science, Ferdowsi University of Mashhad, India. The atomic absorption analyses were performed on a Shimadzu model AA-670 atomic absorption spectrometer. The IR spectra of KBr discs (4000-600 cm -1 ) were recorded on a Buck 500 spectrometer. The electronic spectra were registered in the range 600-200 cm -1 on a Perkin--Elmer 1600 spectrometer. The reagents, p-chlorobenzoic acid (99 %), iron (99 %), cobalt (99 %) and manganese (99 %) nitrate and solvents were obtained commercially from Merck Chemicals and used as received. The nitrogen base (pyridine) was dried following the standard procedures. 10 Sodium p-chlorobenzoate was obtained from sodium carbonate and p-chlorobenzoic acid in a 1:2 molar ratio and water as solvent.
Preparation of [Mn 3 O(C 7 H 4 O 2 Cl) 6 (Py) 3 ]Py (1)
n-Bu 4 NMnO 4 was prepared by a literature method. 11 n-Bu 4 NBr (12 g, 37 mmol) was added to an aqueous solution of KMnO 4 (5.0 g, 32 mmol) under vigorous stirring. The immediately formed purple precipitate was collected by filtration, washed thoroughly with distilled water and diethyl ether and dried in vacuo at room temperature (yield > 90 %).
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Warning: n-Bu 4 NMnO 4 is potentially explosive and must be treated with care! Mn(O 2 CMe) 2 .4H 2 O (0.80 g, 3.3 mmol) and C 7 H 5 O 2 Cl (3.8 g, 25 mmol) were dissolved in a solvent mixture comprising dry pyridine (3 ml) and absolute EtOH (25 ml). The resulting solution was stirred while solid n-Bu 4 NMnO 4 (0.46 g, 1.3 mmol) was added in small portions to give a brown-green homogeneous solution, from which the precipitation of a brown-green product began almost immediately. The stirring was continued for 1 h and the product was left undisturbed overnight in a refrigerator. The brown-green precipitate was filtered, washed copiously with cold EtOH, and dried in vacuo. 
RESULTS AND DISCUSSION
The analytical data for the complexes are given in Table I . They are in close agreement with the calculated data and strongly support the presence of trinuclear metal complexes. Mixed-metal oxo-centered complexes were prepared from metal nitrates and sodium p-chlorobenzoate in dry pyridine to obtain the expected products. Prior reports of the synthesis and properties of trinuclear oxo-centered Mn complexes are few. The synthetic procedures almost invariably employed polymeric Mn(III) acetate, which can be readily obtained from the oxidation of Mn(O 2 CMe) 2 ⋅4H 2 O with KMnO 4 in hot glacial acetic acid. 12 Reaction of this material with an excess of a neutral donor group L led to discrete units of the formulation [Mn 3 O(O 2 CMe) 6 (L) 3 ] z . As part of our continuing development of n--Bu 4 NMnO 4 as a reagent for inorganic syntheses in non-aqueous solvents, its use for the synthesis of Mn 3 O-type complexes was explored and it was found to work extremely well. The solvents of choice are EtOH and pyridine which ensure solubility of all the reactants; the cleanest reactions are obtained when an excess of carboxylic acid is also present, otherwise low yields or intractable brown gel--like precipitates result. The synthetic strategy was to react together particular ratios of Mn(VII):Mn(II) to yield products in the intermediate metal oxidation state range +2.67 to +3.00 characteristic of Mn 3 O units. However, it was noticed that small changes in the Mn(VII):Mn(II) ratio had no noticeable effect on the identity of the products or their yields. As was registered previously, 13 redox reactions involving solvent, atmospheric oxygen, or reagent impurities could compensate for an excess or lack of Mn(II), for example, over that required to yield the preferred product. A Mn(VII):Mn(II) ratio of 3.15:8.15 has now become the routinely employed stoichiometry and has provided access to complex 1. This ratio should, in theory, provide an average metal oxidation of +3.39 according to Eq. (1) but cleanly leads instead to either Mn 2 (III)Mn(II) species, or Mn 3 (III) species:
3.15Mn 7+ + 8.15Mn 2+ → 11.30Mn 3.39+ (1)
IR Spectroscopy
The IR spectral data of the complexes are given in Table II . The observed vibrational frequencies, ν asym (COO) and ν sym (COO), for the carboxylate ligand support the presence of bridging coordinated carboxylates in all the complexes. For the mixed-metal complexes, it appears from the carboxylate stretching frequencies that all six ligands are approximately equivalent and they are best represented as bidentate bridges. 14 
Electronic spectroscopy
The electronic spectra of the trinuclear complexes can be interpreted to a good approximation in terms of the individual metal ions, together with ligand--metal charge transfer transitions. The electronic spectra of the complexes were recorded in the range 50000-15000 cm -1 in dichloromethane solution. The spectra of the mixed-metal complexes 2 and 3 show the characteristic bands provided by both metal ions. The UV spectra of these complexes exhibited a strong band in the region 42500 cm -1 , which is related to the (π → π*) transitions of the pyridine (Py) ligand. 17 The bands are shifted to higher energy when L = pyridine. The electronic spectroscopy data are given in Table III , which can be assigned and characterized based on other literature. 18 
CONCLUSIONS
In this study, three new oxo-centered basic p-chlorobenzoic bridging complexes were prepared by the direct method of reaction between metal nitrate and sodium p-chlorobenzoate. These compounds were characterized by elemental analyses (CHN), atomic absorption spectroscopy, as well as by IR and electronic spectroscopy. The IR spectra show two strong bands and the observed stretching vibrations indicated the presence of a bridging coordination mode of carboxylic ligand. In addition, for mixed-metal complexes, the atomic absorption data show a statistical 2:1 disorder of iron and manganese or cobalt atoms, respectively.
